Office de la Proprieté Canadian CA 2486182 C 2008/11/25

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 486 1 82
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2003/03/07 (51) CLInt./Int.Cl. GO7V G/00 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2003/12/04 GOV 11/00(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2008/11/25 ENDRES. DAVID MACK. US:
(85) Entree phase nationale/National Entry: 2004/11/16 BOUZAS, HORACIO R., GB
(86) N° demande PCT/PCT Application No.: US 2003/006974 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2003/100463 SCHLUMBERGER CANADA LIMITED, CA
(30) Priorité/Priority: 2002/05/17 (US10/151,473) (74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : MODELISATION D'OBJETS GEOLOGIQUES DANS DES FORMATIONS FAILLEES
54) Title: MODELING GEOLOGICAL OBJECTS IN FAULTED FORMATIONS

gt b

DEFINE VOI
010

—

T T T T TTETITT T

BUILD FAULT BLOCK MODEL
12

BUILD CONTEMPORARY

STRUCTURAL MODEL
g14

b

TRANSFORM STRUCTURAL
BLOCKS TO PALEO SPACE
§16

N

TRANSFORM SPATIAL DATA
TO PALEQ SPACE

818 |
e __h,
MODE!, GEDLOGICAL BODY

IN PALEQ SPACE
820

!

—

TRANSFORM GEOLOGICAL |

BODY CONTEMPORARY
MODEL

822

Y
GtLIP GEOLOGICAL BODY BY
FAULT 8LOCK
824

(57) Abrégée/Abstract:

A system and method of modeling a geological body In a contemporary formation Is presented that includes constructing a
geologic object based on an original depositional paleo-space associated with the contemporary formation, and transforming the

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2486182 C 2008/11/25

anen 2 486 182
13) C

(57) Abrege(suite)/Abstract(continued):
geologic object based on a deformation model of the contemporary formation using acquired data, the transforming allowing
modeling of the deformed formation geological body and a lateral extent spanning a plurality of fault blocks.



O 03/100463 Al

CA 02486182 2004-11-16

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

4 December 2003 (04.12.2003) PCT
(51) International Patent Classification’: G011V 1/28 (71)
(21) International Application Number: PCT/US03/06974

(22) International Filing Date: 7 March 2003 (07.03.2003)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

10/151,473 17 May 2002 (17.05.2002) US

(71) Applicant (for CA only): SCHLUMBERGER CANADA
LIMITED [CA/CA]; 525 - 3rd Avenue S.W., Calgary, Al-
berta T2P 0G4 (CA).

(71) Applicant (for CZ, DZ, EC, IN, L1, MA, TN, VN, BF, BJ,
CF, CG, CI, CM, GA, GN, GO, GW, ML, MR, NE, SN,
I'D, TG only): PRAD RESEARCH AND DEVELOP-
MENT N.V [NL/NL]; De Ruyterkade 62, Willemstad, Cu-

racao (AN).

(71) Applicant (for BR only): SCHLUMBERGER
SURENCO, S.A. [PA/PA], 8 Calle Aquilino de Ila

Guardia, Panama City (PA).

(71)

(71)

(71)

(10) International Publication Number

WO 03/100463 Al

Applicant (for AE, OM, SD, TR only): SCHLUM-
BERGER OILFIELD ASSISTANCE LIMITED
|GB/GB]; Craigmuir Chambers, Road Town, Tortola
(VQ).

Applicant (for AM, AT, AU, AZ, BY, CO, DE, DK, ES,
HR, ID, KG, KP. KR, KZ, MD, MX, NO, NZ, PH, PL, RO,
RU, SK, TJ, TM, UA, 74, IE, IT. SI only): SCHLUM-
BERGER TECHNOLOGY B.V. [NL/NL]; Parkstraat
83-89, NL.-2514 JG The Hague (NL).

Applicant (for FR only): SERVICES PETROLIERS
SCHLUMBERGER [FR/FR]; 42 rue Saint-Dominique,
F-75007 Paris (FR).

Applicant (for AG, AL, BA, BB, BG, BZ, CH, CR, CU, DM,
EE, FI, GB, GD, GE, GH, GM, HU, IL, 1S, JP, KE, LC, LK,
LR, LS, LV, MG, MK, MN, MW, MZ, NI, PT, SC, SE, SG,
SL, TZ7, UG, UZ, VC, YU, ZM, ZW, GH, GM, KE, LS, MW,
M7z, SL, SZ, TZ, UG, ZM, ZW, BE, BG, CH, CY, EE, FI
GB, GR, HU, MC, NL, PT, SE only): SCHLUMBERGER
HOLDINGS LIMITED [GB/GB]; PO Box 71, Craigmuir
Chambers, Road Town, Tortola (VG).

[Continued on next page/

(54) Title: MODELING GEOLOGIC OBJECTS IN FAULTED FORMATIONS

600

642

(§7) Abstract: A system and method of modeling a geological body in a contemporary formation is presented that includes construct-
ing a geologic object based on an original depositional paleo-space associated with the contemporary formation, and transforming
the geologic object based on a deformation model of the contemporary formation using acquired data, the transforming allowing
modeling of the deformed formation geological body and a lateral extent spanning a plurality of fault blocks.



CA 02486182 2004-11-16

WO 03/100463

(71) Applicant (for CN only): SCHLUMBERGER OVER-
SEAS S.A. [PA/PA]; 8 Calle Aquilino de la Guardia,
Panama City (PA).

(71) Applicant (for TT only): SCHLUMBERGER SER-
VICES LIMITED [GB/GB]; P.O. Box 438, Tortola (VQG).

(71) Applicant (for LU, LU only): SCHLUMBERGER
TECHNOLOGY CORPORATION [US/US]; 110
Schlumberger Drive, Sugar Land, TX 77478 (US).

(72) Imventors: ENDRES, David, Mack; 15119 Honeycomb
Hollow, Leander, TX 78641 (US). BOUZAS, Horacio, R.;
12 Ladygrove Court, Drayton Road, Abingdon, Oxford-

shire OX14 5DB (GB).

(74) Agents: MASELLES, Danita, J., M. et al.; Schlumberger
Information Systems, Intellectual Property Counsel, 5599
San Felipe, Suite 1700, Houston, TX 77056 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,

Al

CZ, DE, DK, DM, DZ, EC, EE, ES, F1, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NI, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD,
SE, SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ,
VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (Al, BE, BG, CH, CY, CZ, DE, DK, EL,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, SI,
SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.



CA 02486182 2007-07-25

MODELING GEOLOGICAL OBJECTS IN FAULTED FORMATIONS
BACKGROUND OF THE INVENTION

Field of the Invention

The present invention generally relates to the
investigation and characterization of geologic
formations, and more particularly to a method and system
for modeling geological objects, or geological bodies, in
regions which have a deformation such as folding,
faulting, fracturing, shearing, compression, Or
extension.

Description of the Related Art

Geologic data are used for land-management decision-
making, engineering design, 1in the hunt for mineral
resources, and for scientific research. Geologists have
devised a wide yariety of techniques to collect and
analyze data relating to the structure and content of
earth formations in the continuing search for underground
assets, particularly hydrocarbons such as o0il and gas.
These techniques include, for example, seismic sensing,
and downhole logging. In seismlic sensing, a sound source
1s placed at the surface, or at an underground location,

and an array of seismilic sensors collect information on

the resulting sonic waves. In downhole logging,
instruments (e.g., magnetic induction sensors or gamma-
ray sensors) are attached to a wellbore tool that
transmits sensed data up the wireline or wvia another

communication channel to a data processing system.

Analysis of the information found using these different
techniques reveals the structures of subsurface
formations, and the nature of the formations, i.e.,

porosity, density, etc., all of which is useful 1in
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determining the rock constituen:

hydrocarbons are present.

|

dune sand bodies, or reef structures.

.

PCT/US03/06974

and whether

Analysis of geologilc data often exposes underground

structures such as fluvial channels and levees, windblown

These wvarious

sedimentary features are commonly referred to as

geological bodies, also known as geologic objects. More

generally, geologilical bodies are three-dimensional

depositional structures 1n subsurt

more localized than the remainder

g

ace geology, which are

of the depositional

formations. It 1s known to model geological bodies

mathematically (particularly using computer programs) in

1§

a three-dimensional structural model by

dimensional boundary surface. Modeling

structures can assist i1n the search

underground assets. For example,

LOX

a closed three-

g

of subsurface

and extraction of

flow behavior,

connected volume and overall performance of hydrocarbon

reservolrs are all highly dependent on the petrophysical

properties of geologilcal bodies.

An 1mportant concept 1n analyzing

the information

contained in geologilic models 1s the distinction between a

rﬂ-
n gy

description of a rock volume, and a description of a

1]

SUL ]

e B
—

ace. Rock units describe the chara

it
p—

cteristics of a

volume of rock. Surficial geologilic units describe the

i

characteristics o:

:

the boundary layer between rock

volumes with different properties or between solid earth

and the atmosphere or the hydrosphere.

Surficial units

may describe the lithology of deposits to a depth that is

small relative to the horizontal exten:

may relate to surface morphology,

age

e

N

(

‘i

of the model, or

as opposed to

deposit age), or depositional environment. To a

geologist i1nterested in the processes and characteristics
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of the earth subsurface, the surfaces 1n the model

represent boundaries of volumes in the model. A

geologist interested in the rock bodies that compose the
earth uses the three dimensional geometry of the boundary

gsurfaces, to understand the formation.

-

Geological bodies may be found in a region having
some deformation, such as that caused by faulting. In
such a case, a structural model might consist of several
three-dimensional fault blocks delimited by fault
surfaces and, within the fault blocks, block units
further delimited by depositional horizons and
‘unconformities. As used herein, a depositional horizon,
or horizon, is a surface delimiting depositional rock
volumes; and an unconformity refers to an erosional
surface.

A geologist requires an understanding of relevant
deformation processes that have affected a region.
Deformation processes include the growth of folds or
fauits in three dimensions, as well as developed spatial
relationships between the deformation and sedimentation.

Accurate characterization and modeling of geological
objects requires an understanding of the shape and
location of the objects at the time of their deposition
prior to folding and faulting. A deposition-time model,
or a model of a geological object at the time of
deposition, is called a paleo-space model. Once a
geological object has been modeled in paleo space, 1t 1is
necessary to transform the geological object from paleo
space to the contemporary space and morphology; in
particular, the deformation (e.g., folding and faulting)

known to have affected the contemporary setting must be

applied to the objects modeled in paleo space. The
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transformation between paleo

1s necessary to determine an

displacements and faults so

of the geological bodies can

spatially limited samples represented by well log data.
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space and contemporary space

estimate of surface strains,

that the contemporary shape

{1

be extrapolated from the

Present technigques for manual and statistical generation

of geological bodies support

their construction only in

unfaulted settings (e.g.. layer-cake models). In faulted

settings, a geological body may have to be modeled

multiple times, once 1in each

contaiﬁing fault block, with

a different deformed shape in each block. Currently, no

-
iy

deposition of the geological

i

tool availlable permits modeling of folding after the

body, except for the

FluvSim™, a fluvial simulation geostatistical package

avalilable in Modeling Office

, GeoFrame 4.0™,

One tool that is used for modeling geologic

formations is the Ceoframe™

pr—
—

Modeling Office marketed by

Schlumberger. As implemented in the Geoframe™ GF4

—

Modeling O

in the contemporary setting,

conform to a datum horizon,

destructive focused classify

specified block unit. Defin

spans multiple block units r

geological body must be remo

This is problematic when a three dimensional geological

body has a lateral extent sp

in a three dimensional struc

spanning multiple fault bloc

ga—

block. In prior art methods

.y ing

past the boundaries of the f

that the feature must be modeled separately in each fault

"ice, geological bodies are first constructed

thereafter deformed to

and then trimmed using a non-

operation to fit within a

ing a geological body that

emains tedious because the

deled for each block unit.

anning multiple fault blocks

tural model. n cases

ks, prior art methods require

)

., each fault is extrapolated

ault block and a classify
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technigue 1s applied. The classify technligue compares

p—

two sets of geometries to classify the points of the one

P
—

the other according to

set with respect to the points o:

whether the points of one geometry are inside, on, or

outside the other geometry. According to the focused

classify technique, a particular sub-volume of a model,

for example a particular block unit or fault block 1s

focused upon, as opposed to a classify of a surface or

i

geological object against all of the volumes in a model.

This “focused classifv” of the extrapolated fault surface

is performed upon a fault block that 1s a target of

investigation, referred to as a “target fault block.” As

P
b

a result of a focused classify one or more split fault

g—

blocks can be further subdivided by additional faults.

Limited post-depositional deformation of the geological

body can be captured by making the geological body shape

conform to one or two controlling surfaces, but these

must be single-valued height fields so general

deformations are not supported in the current art.

There are many approaches to restoring geological

horizons in two-dimensional section or map views, Or 1n

three dimensions. The three-dimensional technigues, in

particular, allow the user to derive a paleo-space model

from a three dimensional structural model. Most

approaches to paleo-space modeling (also referred to as

“palinspastic reconstruction”) are focused on building

balanced section views of the paleo-space model by

b

‘

~ransforming corresponding two-dimensional sections o:

the contemporary model. These section views can be

interpolated to provide a corresponding three dimensional

p—
p—

paleo-space model, but such interpolation is often

inaccurate, particularly with regard to strike-slip
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movements perpendicular to the plane of the section.

Another tool,

by Schlu

dimensional cgelsmic data

the GeoQuest™ Geoviz™ system (also marketed

nberger, Inc.), supports the flattening of three-

on a given horizon for

visualizing and interpreting seismic data in a three-

dimensional setting. However, the transforma

applied to

petrophysical

faul:

and reservolir data, allowing the viewing of

|-

-10n 18 not

-ed structural models. Geoviz™

advantageously combines geophysical, geological,

a true perspective of geospatial relationships.

One recent publication which addresses the

restora

models is

Faulted Sur:

Rouby e

it

-

a-- . 7

v. 84, no. 6,

tion of folded and

"aces Using

“3I-D Resgstoration

Amer. AssocC.

pp. 805-829

e

faulted three-dimensional

——

of Complexly Folded and

Multiple Unfolding Mechanisms, ”

Petroleum Geologists Bulletin

(June 2000). The method

therein described performs restorations on sets otf

stratigraphic horizonsg de:

irregula

with the un:

Starting at the de:

"ined 1n three dimensions as

r triangular networks (triangulated surfaces),

faulting and unfolding as separate steps.

"ormed state, the method first unfolds

the horizon by choosing among three deformation

mechanisms.

a map view.

A
B

fter unfolding, unfaulting i1s performed 1in

efore unfaul:

cing, normal faults appear as

gaps separating fault compartments. To invert the

displacement on the fault,

body motion of

the de:

between

dlirections of

P

o

three-dimensional

the fault compartments. The di:

the gaps are closed by rigid-

ference

R

formed and the restored state gives the

finite displacement field and the

slip on the

faults. Another approach to

restoration is disclosed in “Unfolding a Horizon: New

Capabilities and Applications,” Levy et al., GOCAD
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Consortium Annual Meeting (June 2000). According to that
technigque, a surface i1s unfolded based on specific
surface parameterization. The parameterization of a
surface 1s a one-to-one traﬁsform function putting a
surface in a three dimensional domain in correspondence

with a surface in a two dimensional domain. The Move3D

(Midland Valley Consultants) system provides restoration

techniques for folded and faulted models and supports

paleo-transformation of data from geological

measurements. The system also provides inverse paleo-

transformation from the paleo-space model to the
contemporary structural model. Although any of these
approaches 1is suilitable for the construction of a paleo-
model, none provides a mechanism for modeling of
deformation after the deposition of a geological body and
focused classify of the deformed body.

In light of the foregoing, it would be desirable to
devise an i1mproved method of modeling a geological object
in a formation that has been deformed by, e.g., faulting

and folding. It would be further advantageous if the

method could preserve the topology of the volume
entities, and consistently transform all data positioned

on or 1in the volume entities when transforming from

contemporary to paleo space.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there
1s provided a method of modeling a faulted formation
geological body with a lateral extent spanning a plurality
of fault blocks in a contemporary formation using data
acquired from the formation and stored in a data processing
system, the method comprising: constructing a geological
object using the acquired data situated in a depositional
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paleo-space model associated with the contemporary
formation; transforming the geological object constructed in
paleo-space based on a deformation model of the contemporary
formation, the transforming allowing three dimensional
modeling of the deformed formation geological body, the
transforming allowing modeling of the deformed formation
geological body with the lateral extent spanning the
plurality of fault blocks; and trimming the transformed
geological object using a fault block model.

According to a further aspect of the present invention
there i1s provided a system for modeling geological bodies in
deformed formations, the system comprising: an applications
module adapted to transform a graphical representation of
anclillary spatial data representing a geological body having
a lateral extent spanning a plurality of fault blocks in a
contemporary formation by constructing a geological object
1n paleo-space based on the contemporary formation, and
transform the geological object based on a deformation model
of the contemporary formation using the ancillary spatial
data; an application programming interface coupled to the
applications module adapted to trim the transformed
geological object using a fault block model, the application
programming interface adapted for input/output manipulation;
a design database adapted to provide a plurality of tools
for the input/output manipulation; and a geometry database
coupled to the application programming interface.

According to another aspect of the present invention
there 1s provided an apparatus for modeling a deformed
formation geological body having a lateral extent spanning a
plurality of fault blocks in a contemporary formation using
data acquired from the formation, the apparatus comprising:
means for constructing a geological object based on an
original depositional paleo-space associated with the
contemporary formation; means for transforming the

geological object based on a deformation model of the
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contemporary formation using the acquired data, the
transforming allowing three dimensional modeling of the
deformed formation geological body; and means for trimming
the transformed geological object using a fault block model.
According to a still further aspect of the present
invention there 1is provided a computer readable medium
storing 1nstructions to model geological bodies, the
instructions comprising functionality to: construct a
geological object based i1n depositional paleo-space based on
a geological body 1n a contemporary formation; transform the
geological object based on a deformation model of the
contemporary formation using acquired data, the transforming
allowing three dimensional modeling of a deformed formation
geological body; and trim the transformed geological object,
the trimming providing a deformed formation geological body

in a contemporary space model.

Accordingly, a system and method of modeling

geological objects in volume of interest is provided. The

system and method can be applied to geological objects
situated in deformed.regions. The system and method
Bpplies a set of paleo-transforms to a volumetric

structural model and associated data representing the

contemporary setting, building geological objects in the
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paleo-setting and applying another set of inverse paleo-
transformations to the geological objects defined manually
or stochastically in the paleo setting'to obtain theix
contemporary setting and morphology and trimming the
geological objects to fit in each contemporary fault
block. The solution models the geological bodies in an
original, e.g., unfaulted, unfolded paleo-space model
obtained by applying one or more restoration
transformations to each of the fault blocks or block

units in a contemporary structural model as well as to
other data obtained by measurement of properties of the
contemporary geology. Further, an embodiment provides a
mechanism for modeling of deformation subsequent to the
deposition of a geological body. More particularly,
embodiments are directed to a method of modeling a
geological body in a contemporary formation using data
acquired from the formation and stored in a data
processing system. The method includes constructing a
geological object based on an original depositional paleo-
space associated with the contemporary formation, and

transforming the geological object based on a deformation

model of the contemporary formation using the acquired

data.

An embodiment 1s directed to techniques of
structural model assembly and to the construction of
geological bodies in paleo-space and their subsequent
insertion in a contemporary structural method. The
method'and'system.applies a set of paleo-transforms to a

volumetric structural model and associated data

representing the contemporary setting, building geological
objects in the paleo-setting and applying another set of

inverse paleo-transformations to the geological objects
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defined (either manually or stochastically) 1n the paleo

setting to obtain their contemporary setting and

morphology . .and trimming the geological objects to fit in

fault block.

each contemporary

In one embodiment, the solution models the

geological bodies i1n an original, e.g., unfaulted,

unfolded paleo-space model which is obtained by applving

—

one or more restoration transformations (called paleo-

transforms) to each of the fault blocks or block units in

a contemporary structural model as well as to other data

P
——

obtained by measurement of properties of the contemporary

geology. Geological bodies are constructed by fitting

the bodies to the paleo-transformed data either manually

or by applyving statistical algorithms i1n the paleo-space

model. A copy of each geological body is inverse paleo-

g

transformed, for each block unit it intersects and it is

inserted in the given block unit with a “focused

classify” technigue. The embodiment 1s not 1limited to

r-

use a single paleo-transform. The paleo-transform action

g
—

may be specific to each fault block as i1n the case of a

rigid bulk transformation to pack fault blocks or to each

—

point on the boundary of each block unit as would be

reguired to restore a folded unit.

g gty
p—

Given a set of paleo-transforms, the process of

bulilding a model in paleo-space involves transforming one

or more geological structures from their contemporary

shape and setting, as inferred from data acquired by

seismic, drilling, or wireline sensor, to their setting

and morphology at some time 1in the past. Other data,

such as borehole surveys and wireline logs, can also be

so transformed to provide a context for interpretation in

the paleo model. Geological bodies such as reefs and
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sand bodies can then be interpreted in the paleo-model by
referencing the other transformed objects and data.
Another (inverse) transformation 1s applied to define the
contemporary setting and morphology of geological objects
interpreted 1n paleo-space. For each block unit that the
geological body intersects in paleo space, a copy of the
geological body 1s separately inverse transformed and
trimmed to fit entirely inside the block unit in
contemporary model. If the paleo-transform performs
unfolding of the block unit, the inverse paleo-transform
will re-impose the folding on the geological body.

The above as well as additional objectives,
features, and advantages of the present invention will
become apparent 1n the followling detailed written
description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and
its numerous objects, features and advantages made
appafent to those skilled in the art by referencing the
accompanying drawings. The use of the same reference
number throughout the several figures designates a like
or simllar element.

FIG. 1A 1s a sectional view from a three dimensional
model in which a volume of interest (VOI) within a
geologic region 1is defined in accordance with one
implementation of the present invention.

FIG. 1B is a sectional view from a three dimensional
model Showing a volume of interest (VOI) and wellbores
within a geologic region in accordance with one
implementation ot the present 1nvention.

FIG. 1C is a sectional view from a three dimensional

model showing a volume of interest (VOI), wellbores and a
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horizon made up of three horizon patches within a

geologic regilion 1n accordance with one implementation o:

Wi

i

the present 1nvention.

FIG. 2A 1s a sectional view from a three dimensional

model in which a contemporary structural model shows

of the

three block units in accordance with one implementation

present invention.

'l

G. 2B is a flow diagram illustrating a method of

[l

building a contemporary structural model i1n accordance

wlith an embodiment of the present invention.

F

'G. 3A 18 a sectional view from a three dimensional

model 1n which an original depositional paleo-space model

associliated with the contemporary formation of Figure 2A

1ls constructed, 1n accordance with one implementation of

]

the present invention.

'G. 3B 1s a flow diagram i1illustrating a method for

[

creating the depositional paleo space structural model in

e

accordance with an embodiment of the present i1nvention.

|

G. 4 18 a sectional view from a three dimensional

model 1n which spatial data from the contemporary

structure 1s transformed to the paleo-space constructed

pr—

1n Figure 3, 1n accordance with one implementation of the

present i1nvention.

FIG. BA i1is a flow diagram illustrating a method for

modeling a-fluvial channel i1n paleo space.

FTG. 5B 18 a sectional view from a three dimensional

model in which a fluvial channel 1s modeled in the paleo-

space based on the transform from Figure 4, 1in accordance

wilth one implementation of the present invention.

FIG. 6A, 6B and 6C are sectional viewg from a three

dimensional model in which inverse paleo-transforms are

-

applied to the geological body of Figure 5 using copiles
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of a fluvial channel, 1n accordance with one
implementation of the present invention;

FIG. 7 1s a sectional view from a three dimensional
model in which the inverse transformed bounding surface
of Figure 6 1s clipped to fit in the block unit
representation in the contemporary space model, in

accordance with one implementation of the present

invention;

FIG. 8 1s a flow diagram illustrating the logical'
flow according an exemplary implementation of the present
invention; and

FIG. 9 1s a block diagram of one embodiment of a
data processing system adapted to carry out the present
invention.

FIG. 10 1s a block diagram of a computer system
appropriate for implementing at least a portion of one or
more of the embodiments of the present invention.

DETAILED DESCRIPTION

The present invention is directed to a method of
modeling geological objects, or geological bodies, in
regions which have experienced some sort of deformation.
As used herein, the term “deformation” refers (without
limitation) to folding, faulting, fracturing, shearing,
compression, and/or extension. In the embodiments
described below, 1nvestigations concern a formation
subjected to both folding and faulting.

A modeling process according to an embodiment
includes preparing a model as 1s known in the art. More
particularly, referring to Fig. 1A, a formation is shown
with fault lines 180, 190, 192 and 194 that are shown
below a surface 100. The geological body shown in Fig.

1A can be a volume of interest (VOI) for which study is
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and
—

are said to

ated. The fault lines through the VOI

designating fault lines through a VOI is referred to as

fault

fault

splitting, wherein the faults separate the VOI into

blocks.

The fault blocks may or may not contaln one or more

wellbores. For example, Fig. 1B shows four wellbores

110,

120, 130 and 140 that are also present in the

geological body. The fault blocks are 111, 113 and 115.

Fault block 111 includes one wellbore; fault block 113

1ncludes two wellbores: and fault block 115 includes one

wellbore.

p—
e

To build a structural framework model, a geologist

partitions the chosen VOI i1nto a set of blocks units by

1dentifying one or more horizons through the VOI. For

example, Fig. 1C shows a horizon including horizon

patches 150, 160 and 170 through the geological body.

The horizon patches together form a single horizon

through the VOI. The resulting model 1s referred to as a

structural framework model, as 1s known in the art. The

horizon patches 150, 160 and 170 each designate a block

unit.

Classifyving horizon patches in each fault block

produces multiple block units. Block units shown in Fig.

1C i1nclude the shaded areas 153, 163 and 173.

gy

Referring now to Fig. 2A, a second horizon composed

of three horizon patches is shown, including horizon

patches 230, 270 and 210. The second horizon and the

first horizon both run through the VOI.. Adding the

second horizon defines block units for the VOI. For

example, the areas shaded in Fig. 2A, areas 231, 271 and

211,

identify three block units. The areas 1in each fault
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block above the second horizon identify three additional

block units designe

ted by areas 233, 235 and 237.

Referring to Fig. 2B, a flow diagram i1llustrates a

method for building a structural framework model as

illustrated in Figs.

accompanying text.

p
oy

1A, 1B, 1C and 2A and the

Specifically, the method includes, 1in

block 217, defining a volume of interest. Block 2109

directs locating faul

interest and designs

a fault block. Block 221

depositional horizons

- lines through the volume of

ting each area between fault lines as

directs defining one or more

through the volume of interest, the

horizons defining one or more block units. Block 223

directs 1nserting

the depositional horizons 1in youngest-

to-oldest order within unconformity-bounded block-units.

g
-

Sur:

investigation can be 1solated =

p—

ace data points

lving inside a

fault block under

nd extrapolated past the

boundaries of the block unit under investigation.

Fig. 2B illustrates one method

astructural framework model

into several subregions,
geological object) into a subset of

Material properties can be assigned

structures that provides

and classi

F

e
b

for organizing geologlic data

for building a

for modeling geologic

fving a feature (1i.e.,

the subregilons.

p—

to each of the

subregions. A portion of the feature that falls within

tl

the subset can be preserved, and a portion of the feature

~hat falls outside the subset,

can be trimmed or

discarded. Data agsociated with the structural framework

model can be further adjusted by topologically editing

-

geometrical elemen

illustrated 1n Figs. 2B can be used

CS OL

the model.

The method

to build a fault

block model and a contemporary structural model via using
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the Geoframe™ Modeling Office Structural Model Assembly
(SMA) .

Referring to Fig. 3A, a depositional paleo space
structural model according to an embodiment 1is
illustrated that is associated with a contemporary
formation. Fig. 3B provides a flow diagram of a method
for creating the depositional paleo space structural
model of Fig. 3A. More particularly, block 311 provides
for obtaining a contemporary structural model. Block 313
provides for restoring the model to an original, e.g., an
unfaulted and unfolded paleo-space model by transforming
structural block units. For example, block units
appropriate for transforming can include the block units
defined by (1) lines 350, 380, 390, and 310; (2) lines
390, 360, 392 and 310; and (3) lines 392, 370, 394 and
310. These block units can be transformed to paleo space
on a new horizon datum. The new horizon datum is now
represented by line 310 in bold. Block 315 provides for
applying one of several spatial paleo-transforms.

To transform between contemporary and paleo space,
there are a number of different types of paleo transforms
that can be applied and their inverses. In an
1llustrative example, three different cases of transforms
can be defined. In the first case (Case 1), no folding
is present, and a bulk transformation may be applied to

each block to rotate the datum horizon to horizontal and
to pack the block against other blocks to minimize Spéce
and overlaps between the blocks. Such a transformation
1s a function of a block identifier (ID). In the second
case (Case 2), only moderate deformation is.presént
(surfaces are single-valued height fields), and a

transformation may be used which translates each point on
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the datum horizon to horizontal with a vertical move.
Cagse 2 1is 1illustrated in Fig. 2A. Such a transformation
is a function of the x- and yv- coordinates as well as the
block ID for each block unit. The points on the non-
datum horizon boundaries of the fault block are

transformed by interpolating the datum horizon

transformation to the x-y position of the point in
question. In the most general case (Case 3), an
arbitrarily complex deformation of the block unit
requires a paleo-transform that is a function of the x-,
y—- and z- coordinates, as well as the block ID. These
transforms are described in greater detail in Griffiths,
P.A., Gibbs, A.D. and Osfield, R .. and Gibbs, "“The
development of a new technique for automated 3D-
restoration for complex structural interpretations,”
Poster presentation, AAPG, 1999, and in Gibbs, A.D.,
“Balanced cross-section construction from seismic
sections in areas of extensional tectonics”, Journal of

Structural Geology, Vol. 5, No. 2, pp. 153-160, 1983,

Referring to Fig. 4, the wellbores shown in Fig. 1B,
transformed in paleo-space are shown in the block units
defined in Fig. 3. The paleo-space wellbores are shown
as lines 410, 420, 430 and 440. A method according to an
embodiment provides for transforming data to paleo-space
as illustrated. The paleo-space derived and shown 1in
Fig. 3A is used to record the transform and the inverse
transform,for-every<mode1 point that is transformed. For
Case 1, the transform is associated with the block unit
volume as a material property. For Case 2, the transform
is associated as a material property with the block unit

.
bounding surface which forms part of the datum horizon.
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For Case 3, the transform i1is associated as a material

property on every vertex of the bounding surfaces of the

volume, and with the block unit volume cells as a three

ey

dimensional property distribution, for example, as a

three dimensional grid. In a similar fashion, the

inverse paleo-transform 1s associated with each point in

the paleo—-space model or 1t can be derived by

=
—

mathematical inversion of the paleo-transform matrix.

i

The graphical representation of ancillary spatial data

(such as well logs, seismic 1mages and LWD borehole

images) can also be transformed. According to one

embodiment, the block units containing the data are

identified by computing the non-destructive intersection

of the data spatial loci with the block units of the

iy

model. The portion of the data that lies inside a given

fault block 1s then transformed to paleo space by

P

interpolating and applyving the paleo transform for the
given block, as previously recorded.

After transforming to paleo space, a geological body

p— 3

can be manually defined. More specifically, referring to

—
——h

Fig. 5A, an embodiment of the present invention

1llustrated 1n a flow diagram. As shown block 520

provides for selecting a geological body type. Block 530

g
——

provides for setting parameters that define the shape of

the geological body. Block 540 provides for positioning

the geologlcal body in relation to block units and

ancillary data in the paleo structural model.

Alternatively, the geological body may be stochastically

defined, such as by using Monte Carlo technigues.

Geological bodies may also be created in the paleo-model

by generating sets of objects that conform to a selected
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model of a fluvial channel 510 in the paleo-space.

Referring now to Figs. 6A, 6B and 6C, section views

1llustrate applying inverse paleo-transform(s) to three

dimensional geological

bodies. Fig. 6A shows the inverse

paleo-transform using fluvial channel 510. Fig. 6B shows

the 1nverse paleo-transform using a copy of fluvial

channel 510, shown as

fluvial channel 598. Fig. 6C shows

p—
p—

the 1nverse paleo-transform using another copy of fluvial

channel 510, shown as

fluvial channel 596.

The 1nverse paleo-transforms apply to each

geological body constructed. According to an embodiment,

a method directs determining a set of block units

oontainiﬁg the geological body in paleo space and, for

each block unit, constructing a copy of the closed

1

geological body bounding surface. The method further

directs applving an inverse paleo-transform for the block

pr—
pr—

unit to all of the points in the copied sur:

F
il
|

ace

(interpolating the transform may be necessarv).

Referring now to Fig. 7, a geological body in a

contemporary space model 1s shown that results from

collecting “clipped pieces” for one geometry'féature.

More particularly, according to the method, the inverse

paleo-transformed bounding surface shown in each of Figs.

6A, 6B and 6C i1s trimmed to fit in the block unit

representatlion in the contemporary space model by

performing an 1lntersec

to the copied, inverse

cion operation that is destructive

-

transformed boundary surface, but

18 non-destructive to

the block unit representation. The

resulting clipped pieces are finally collected in one

geometry feature that represents the geological body in

the éontemporary space

model, as shown in Fig. 7.
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6A, 6B and 6C and Fig. 7 together,

the dif

—

"erent channels shown 1n each of Figs.

7. More particularly,

Fig. 7 shows in the right block unit, the first portion

—
p—

of fluvial channel 510

from Fig.

6A. The middle block

unit of Fig. 7 shows the middle portion of fluvial

channel 596

shows the left portion o:

6B.

As noted =&

three different

from Fig. 6C.

I

The left block unit of Fig. 7

transforms

1n the model for flattening onto

depending upon the extent of the

1, an invertible bulk paleo-

which translates and roi

cates the

fluvial channel 598 from Fig.

bove, the il1llustrative embodiment provides

assocliated with each volume v

-y

a horizon surface,

deformation. For Case

transformation T(v) 1g8 used

best fit plane of the

portion of the datum horizon that bounds the volume v to

the z=0 plane,

310 1n Fig.

1s applied to every poin

V. For Case 2,

3. In this case,

applied in bulk, that is,

where v 1s bounded by a horizon, such as

the transformations are

the same transformation vector

. 1n or on the boundary of volume

an invertible transformation is used

which 18 a two-dimensional scalar field:

T(v,x,yv)=<0,0,T(v,%x,y)>, which translates every point of

the portion

F
p—

of the datum horizon

'l

that bounds the volume v

to the z=0 plane, where v is bounded by a horizon, (H)

and T(v2,x,v)=T(v,x,Vy)

above or below volume v.

1f volume v2 (not bounded by H) is

‘n thilis case, the

transformation and its inverse both apply the

transformation vec!

spatial date

. polnts

(e.qg.,

trianc

cor polnt-by-point on each of the

le or gquadruple corners,

borehole survey points, well marker positions), thereby

defining the entities to be transformed. For Case 3, the
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paleo-transform is T(x,vy,z) and may be unique for every

——o

point in or on the boundary of volume v. The inverse (T-

1(v)) of the bulk transform can be used without forcing

p=—

the geological objects to conform to the localized shape

of the d

tum surface; alternatively, the geological

Q)

object can be made to conform to the localized shape of

p—
pa—
—

the datum surface in the contemporary model by using the

surface conformance algorithm, in which each vertex is

translated in z by a guantity deltaZ = (Wtop * deltaZtop)

+ (Wbottom * deltaZbottom), where Wtop andWbottom are

welights and deltaZtop = Ztop - MeanZTop, deltaZbottom =

Zbottom — MeanZbottom. Ztop and Zbottom are derived by

projecting a ray vertically from the given vertex until

1t hits the top or bottom conformal surfaces,

respectively. MeanZtop and meanZbottom are,

—
-t

respectively, the mean values of the top and bottom

p—y
——

conformal surfaces. This i1s the same technigue used to

Hl

force geological objects to folded surfaces when they are

modeled 1n individual block units in contemporary space.

One of skill in the art with the benefit of this

disclosure will appreciate that embodiments of the

present 1lnvention are not limited to the transformations

discussed above. The general case supported by this

invention involves two three dimensional wvector fields

defining the forward and backward transformations

independently for each volume in the model: Tp(v,X,v,z),

a unique transformation vector defined at every point in

or on volume v in the contemporary model to define the

prieur

transformation of that point into paleo space; and

Tc(v,x’,yv',z"), and a different transformation vector

defined at every point in or on the representation of

volume v in the paleo space structural model to describe
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the i1nverse transformation of that point back into

contemporary space. Such transformations and inverse

paleo-transformations can be defined so that they are

F

1independent of the volume v and recorded in a 3D grid.

Inverse transformations are agailn applied poilnt-by-point.

Such vector fields can be defined to minimize distortions

to certain attributes of the contemporary model, such as

the area of the datum surface or the volume of the

volumetric entities bounded by the datum surface. The

P

computation of such transforms is beyond the scope of the

present disclosure.

p—

The 1nvention may be further understood with

g

reference to the flow diagram of Figure 8, which

1llustrates the logical flow according to an exemplary

g

implementation. The volume of interest (VOI) is first

defined within the geologic region as shown in block 810.

A fault block model 1s then built as shown in block 812,

and the contemporary structural model created as shown in

block 814. The structural blocks are transformed to the

original depositional paleo space 1in block 816, and the

same function is used to transform the spatial data as

shown 1n block 818. One or more geological bodies are

then modeled in the paleo-space as shown in block 820.

An i1nverse transform function operates on the geological

bodies to bring them into the contemporary model as shown

1in block 822. In the contemporary model, the geological

bodies are trimmed, or f£it to size, according to the

respective fault blocks as shown in block 824.

Figure 9 depicts one embodiment of a data processing

system adapted to carry out the present invention. The

system includes an application layer 900 that provides

one or more tools to carry out the various foregoing
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steps. Application layer 900 communicates with two

databases 934 and 936 via an application programming

interface (API) 932. The application 900 allows the

users, such as geologists, geophysicists and petroleum

engilneers, to construct and interact with the geoscience

model using terms from those disciplines rather than

gy

- mathematics. For example, the

terms from the science o:

application allows the users to refer to horizons,

faults, salt domes and other application entities. For

each application entity, the application allows the users

to interact with the geoscience model concerning a number

‘\

o

of properties, including, for example, geometric

properties such as (shape, size and location) and

material properties (such as porosity, wvelocity and

density) .

Database 936 1s referred to as a geometry database

or model (the database being a physical representation of

yre—
g

the model), and may contalin three principle kinds of

information for each feature: a shape description of

-

every feature, which 1s represented by sets of sub-

regions and boundaries, a topology description specifying

how the sub-regilons and boundaries connect to another,

and a description of the material properties within each

subregion and on each boundary of the model. 2all

p—

geometric database data associlated with a feature can be

accessed knowing the feature's name. The geometry

database i1s based on a commercially availlable geometry

engine, the SHAPES geometric modeling system by XOX

Corporation, now supported and distributed by GeoSmith

Company. Database 934 1s referred to as a design

database or model, and stores all data pertinent to a

i

feature not stored in the geometry database. All design
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database data associated with a feature can be accessed

knowing the feature's name. The Schlumberger Technology
Corporation Data Model, which i1is implemented by
Schlumberger Inc.'s GEOFRAME geoscience lnterpretation

system, performs such a function. The design database

can be used as a stand-alone system by non-geometric
applications. All data in the design database is 1in a
system-specified format and is readable by any
application using system services. Preferably, the
system complies with the Petrotechnical Open Systems
Consortium, ("POSC") EpiCentre data model. An example of
such a system 1s Geoframe™.

By associliating a paleo-transformation with each
volume entity 1n the contemporary model, the present
invention preserves the topology of the volume entities,
and consistently transforms all data positioned on or in
the volume entities when transforming from contemporary
to paleo-space. Similarly, the i1nverse transform
associated with each volume consistently transforms all
geological objects modeled in paleo space which are
partially contained in the volume entity. The result is
a more accurate characterization of these objects in
deformed regions bullt with a more efficient set of user
interactions.

Figure 10 depicts a block diagram of a computer
system 10 suitable for implementing at least a portion of
the present i1nvention. Computer system 10 includes a bus
12 which 1nterconnects major subsystems of computer
system 10 such as a central processor 14, a system memory
16 (typically RAM, but which may also includé ROM, flash
RAM, or the like), an input/output controller 18, an

external audio device such as a speaker system 20 via an
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audio output interface 22, an external device such as a

display screen 24 via display adapter 26, serial ports 28

and 30, a keyboard 32 (interfaced with a keyboard

controller 33), a storage ainterface 34, a floppy disk

unit 36 operative to receive a floppy disk 38, and a CD-

ROM player 40 operative to receilve a CD-ROM 42. Also

included are a mouse 46 (or other point-and-click device,

coupled to bus 12 via serial port 28), a modem 47

(coupled to bus 12 via serial port 30) and a network

interface 48 (coupled directly to bus 12). As will be

appreciated, computer system 10, i1f implemented in a

hand-held device will have limited space for each

component described above, and will be independent of

gritt
—

many of the devices herein described.

Bus 12 allows data communication between central

processor 14 and system memory 16, which may include both

read only memory (ROM) or flash memory (neither shown),

and random access memory (RAM) (not shown), as previously

noted. The RAM is generally the main memory into which

the operating system and application programs are loaded

= p—

and typically affords at least 16 megabytes of memory

space. The ROM or flash memory may contailin, among other

code, the Basic Input-Output system (BIOS) which controls

basic hardware operation such as the interaction with

peripheral components. Application programs resident

wlth computer system 10 are generally stored on and

accessed via a computer readable medium, such as a hard

disk drive (e.g., fixed disk 44), an optical drive (e.g.,

CD-ROM player 40), floppy disk unit 36 or other storage

medium. Additionally, application programs may be in the

form of electronic signals modulated in accordance with




CA 02486182 2004-11-16
WO 03/100463 o ~ PCT/US03/06974

25

the application and data communication technologj when

accegssed via network modem 47 or i1nterface 48.

Storage interface 34, as with the other storage

F
——
—

interfaces of computer system 10, may connect to a

standard computer readable medium for storage and/or

amd

retrieval of information, such as a fixed disk drive 44.

Fixed disk drive 44 may be a part of computer system 10

or may be separate and accessed through other interface

systems. Many other devices can be connected such as a

mouse 46 connected to bus 12 via serial port 28, a modem

47 connected to bus 12 via serial port 30 and a network

' d

inter:

ace 48 connected directly to bus 12.

Regarding the signals described herein, those

skilled in the art will recognize that a signal may be

directly transmitted from a first block to a second

block, or a signal may be modified (e.g., amplified,

attenuated, delayed, latched, buffered, inverted,

filtered or otherwise modified) between the blocks.

Although the signals of the above-described embodiment

are characterized as transmitted from one block to the

next, other embodiments of the present invention may

3

p

include modified signals in place of such directly

oy

transmitted signals as long as the informational and/or

g
—

the signal 1s transmitted between

functional aspect o:

blocks. To some extent, a signal input at a second block

o

may be conceptualized as a second signal derived from a

first signal output from a first block due to physical

g

limitations of the circuitry involved (e.g., there will

inevitably be some attenuation and delay). Therefore, as

used herein, a second signal derived from a first signal

includes the first signal or any modifications to the

first signal, whether due to circuit limitations or due
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to passage through other circuit elements which do not

change the informational and/or final functional aspect

1

Q1

the first signal.

Those skilled in the art will also appreciate that

embodiments disclosed herein may be implemented as

software program instructions capable of being

distributed as one or more program products, in a varilety

I

O.

|

forms 1ncluding computer program products, and that

P

the present invention applies equally regardless of the

F

particular type of program storage media or signal

bearing media used to actually carry out the

distribution.

[Tl

xamples of program storage media and

signal bearing media include recordable type media such

as floppy disks, CD-ROM, and magnetic tape transmission

type

media such as digital and analog communications

links, as well as other media storage and distribution

systems.

Additionally, the foregoing detailed description has

a

set forth various embodiments of the present invention

—

via the use of block diagrams, flowcharts, and/or

examples. It will be understood by those skilled within

the art that each block diagram component, flowchart

step,

and operations and/or components illustrated by the

use of examples can be implemented, individually and/or

collectively, by a wide range of hardware, software,

firmware, or any combination thereof. The present

invention may be implemented as those skilled in the art

will

recognlize, 1in whole or in part, in standard

Integrated Circuits, Application Specific Integrated

Circuits (ASICs), as a computer program running on a

general-purpose machine having appropriate hardware, such

as one or more computers, as firmware, or as virtually
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any combilnation thereof and that designing the circuitry

F

and/or writing the code for the software or firmware

would be well within the skill of one of ordinary skill

in the art, in view of this disclosure.

—

Although particular embodiments -of the present

invention have been shown and described, it will be

obvious to those skilled in the art that, based upon the

teachings herein, changes and modifications may be made

without departing from this invention and its broader

aspects and, therefore, the appended claims are to

encompass within their scope all such changes and

andilL

modifications as are within the true spirit and scope o:

)

this i1nvention.

Thus, the embodiments of the present invention

described above are exemplary and the scope of the

invention should, therefore, be determined not with

reference to the above description, but instead should be

determined with reference to the appended claims along

p—y

with their full scope of eguivalents.
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CLAIMS:

1.

A method of modeling a faulted formation geological body with
a lateral extent spanning a plurality of fault Dblocks 1n a
contemporary formation using data acquired from the formation
and stored in a data processing system, the method comprising:

constructing a geological object using the acquired data
situated 1n a depositional paleo-space model associated
with the contemporary formation;

transforming the geological object constructed i1n paleo-space
based on a deformation model of the contemporary
formation, the transforming allowing three dimensional
modeling of the deformed formation geological body, the
transforming allowing modeling of the deformed formation
geological body with the lateral extent spanning the
plurality of fault blocks; and

trimming the transformed geological object wusing a fault
block model.

The method of <c¢laim 1 wherein the transforming further
includes 1nverse paleo-transforming a boundary surface that 1is
trimmed to fit 1n a block unit representation of the
contemporary formation by performing an intersection operation

that 1s nondestructive to the block unit representation.

The method of c¢laim 1 wherein the transforming further
includes inverse paleo-transforming a boundary surface that is
trimmed to fit 1n a Dblock unit representation of the
contemporary formation by performing an intersection operation
that 1s destructive to a copied inverse transformed boundary

surface.

The method of c¢laim 1 wherein the transforming further
includes inverse paleo-transforming a bounding surface that is

trimmed to fit 1in a Dblock unit representation of the
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contemporary formation by performing an intersection operation

that operates on an original boundary surface.

5. The method of claim 1 wherein the transforming further
includes 1inverse paleo-transforming a bounding surface that is
trimmed to fit in a Dblock wunit representation of the
contemporary formation by performing an intersection operation
that 1s destructive to a copied, inverse transformed boundary

surface and non-destructive to the block unit representation.

6. The method of claim 1 further comprising inverse transforming
the geological object to create a model of the contemporary
formation that re-imposes any folding on the deformed formation
geological body when the transforming includes unfolding of at

least a portion of the geological object.

7. The method of claim 6 wherein the transforming and the inverse
transforming are via one or more of a paleo transform and an

inverse paleo transform.

8. The method of c¢laim 1 wherein the constructing includes

building a fault block model using the acquired data.

9. The method o0f claim 1 wherein the constructing further

includes building a contemporary structure model based on the
fault block model.

10. The method of c¢laim 1 wherein the constructing further
includes transforming structural blocks from a contemporary

structure model to the original depositional paleo-space.

11. The method of claim 1 wherein the transforming the

geological object utilizes an inverse transform.

12. The method of claim 1 wherein the paleo-space model 1is
obtained by transforming one or more fault blocks to paleo

space.
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13. A system for modeling geological bodies in deformed
formations, the system comprising:
an applications module adapted to transform a graphical
representation of ancillary spatial data representing a
geological body having a lateral extent spanning a
plurality of fault blocks in a contemporary formation by
constructing a geological object in paleo-space based on
the contemporary formation, and transform the geological
object based on a deformation model of the contemporary
formation using the ancillary spatial data;
an application programming 1interface coupled to the
applications module adapted to trim the transformed
geological object wusing a fault block model, the
application programming interface adapted for
input/output manipulation;
a design database adapted to provide a plurality of tools for
the input/output manipulation; and
a geometry database coupled to the application programming

interface.

14 . The system of claim 13 wherein the applications module
further comprises:

a first object adapted to create a model of one or more
deformed formation geological bodies in paleo-space via
one or more restoration transforms; and

a second object adapted to trim the model within a block unit
1in a model of the contemporary formation:; wherein when
the first object performs an unfold operation of the
block unit, an inverse paleo-transform reimposes a fold
operation on the model of the deformed formation

geological body.

15. The system of claim 14 wherein the original paleo-space

model 1s at least unfaulted and unfolded.
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16. The system of claim 13 wherein the applications module
further comprises:
a fault block modeling object; and
a structural modeling object; the applications module
operable with the application programming 1interface to
allow a user to choose via the fault block modeling
object an order of fault insertion, the order of
insertion determining how the structural modeling object
inserts horizon and unconformity patches 1nto fault

blocks created by the fault block modeling object.

17. An apparatus for modeling a deformed formation geological
body having a lateral extent spanning a plurality of fault
blocks in a contemporary formation using data acquired from the
formation, the apparatus comprising:

means for constructing a geological object based on an
original depositional paleo-space associated with the
contemporary formation;

means for transforming the geological object based on a
deformation model of the contemporary formation using
the acquired data, the transforming allowing three
dimensional modeling of the deformed formation
geological body; and

means for trimming the transformed geological object using a
fault block model.

18. A computer readable medium storing 1instructions to model
geological bodies, the instructions comprising functionality to:
construct a geological object based 1n depositional paleo-
space based on a geological body 1n a contemporary
formation;
transform the geological object based on a deformation model
of the contemporary formation using acguired data, the
transforming allowing three dimensional modeling of a

deformed formation geological body; and
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trim the transformed geological object, the trimming

providing a deformed formation geological body 1n a

contemporary space model.
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